Adrenal glands of the mouse, fixed either in glutaraldehyde followed by osmium tetroxide or in a mixture of potassium dichromate and glutaraldehyde, and embedded in Epon 812, were investigated by light and electron microscopy.
Soon after the discovery of noradrenaline in the adrenal gland (Holtz and Schumann, 1948 ) the existence of the two types of chromaffin cells was demonstrated in the adrenal medulla of several mammalian species (Bander, 1949; Eranko, 1952) . Histochemical evidence that adrenaline and noradrenaline were stored in different cell types called A and NA cells was obtained using various light microscopic techniques (see Coupland, 1965) . Electron microscopy revealed the fine structural features of the chromaffin cells; after initial fixation of the adrenal medulla in glutaraldehyde, the A cells were found to contain the secretory granules with the moderate electron density, whereas the homogeneous cores of secretory granules in the NA cells were highly electron-dense (Wood and Barrnett, 1964; Coupland et al., 1964) .
Recently, the third type of chromaffin cells has been described (Coupland et al., 1977a and b; Kobayashi and Coupland, 1977; Kobayashi, 1977) . According to these authors, the most striking feature of this cell type constituting only 1-5% of the total population of the adrenal chromaffin cells is the specific small size of the secretory granules. This new cell type was therefore designated "SGC (Small Granule Chromaffin) cells."
Further, it was found that the SGC cells possessed characteristic synaptic-like vesicles of 40-70nm in diameter in addition to the secre-tory granules (Kobayashi and Coupland, 1977) . Since the secretory granules in the chromaffin cells and the synaptic-like vesicles in the SGC cells are too small in dimension to be visible under the light microscope, electron microscopy has been regarded to be indispensable for identifying the SGC cells. Therefore, little has been known concerning their light microscopic characteristics.
The purpose of the present study is to identify the SGC cells at the levels of both light and electron microscopy.
Materials and Methods
Adult male mice of dd strain were perfused, under ether anesthesia, from the left ventricle of the heart with 2.5% glutaraldehyde in 0.1M phosphate buffer of pH 7.4. Perfusion was performed for several minutes, and then adrenal glands were removed, being fixed by immersion in the same glutaraldehyde solution overnight and fixed again for 2 hr in 1 types of chromaffin cells were identified as has previously been reported (C Dupland et al., 1977a and b; Kobayashi and Coupland, 1977) . About 70 percent of the total chromaffin cells were A cells which possessed rounded secretory granules of 170 to 350nm in diameter filled with fine granulated particles. The second type (NA cells) formed about 25 percent of the total chromaffin cells. They were characterized by the secretory granules of irregular shape containing a solid and extremely electron opaque content.
A surronding space or halo was intercalated between the limiting membrane and the core of the secretory granules. The NA cells seemed to possess a smaller number of secretory granules per cell than did the A cells.
The third type of chromaffin cells was the SGC cell containing small secretory granules of 100 to 230nm in diameter (Fig. 1) . The core of the secretory granules varied in electron density from granule to granule; but, usually, they were of a density between that in the NA and A cells. Interspersed singly or in small groups among the predominant A and NA cells, the SGC cells occupied 1-5 percent of the total population of the adrenal chromaffin cells as has previously been reported elsewhere (Coupland et al., 1977a) . The cytoplasm/ nucleus ratio of the SGC cells was considerably smaller than that of both A and NA cells.
The SGC cells contained not only the secretory granules but also so-called synaptic-like vesicles (Fig. 1 ). These synapticlike vesicles were 40-70nm in diameter. They contained electron-dense substances along the limiting membrane.
The synaptic-like vesicles were frequently aggregated in the perinuclear cytoplasm (Fig. 1 ).
Light microscopic identification
of SGC cells by their staining property.
Toluidine blue staining:
In toluidine blue-stained semi-thin sections, most of the secretory granules of the A cells were stained metachromatically pale blue-purple, 1 whereas those of the NA cells dark blue (Fig. 2) . Thus, the two types of chromaffin cells can be distinguished without difficulty. On the other hand, it was hard to differentiate the NA cells and the SGC cells, since both of them stained dark blue with toluidine blue. However, the SGC cells were much smaller than the NA cells and the cytoplasm/nucleus ratio of the SGC cells was considerably lower than that of the NA cells, so that these two kinds of chromaffin cells were usually distinguishable (Fig. 2) .
Ammoniacal silver reaction:
The cytoplasm of the NA cells was filled with granules impregnated brown to black with ammoniacal silver, whereas that of the A cells did not show an distinct argentaffin reaction (Fig. 3) . The SGC cell granules were stained yellow ochre to brown after treatment with the ammoniacal silver solution (Fig. 3) . These argentaffin granules tended to be localized along the cell surface. Consequently, the silver impregnation technique was more suitable for the light microscopic identification of the SGC cells than the toluidine blue staining; the yellow ochre to black silver grains were easier to identify than the bluish color of toluidine blue (Compare Fig. 2 and Fig. 3 ).
3. Electron microscopy of silver impregnated ultra-thin sections By lectron microscopy of the silver impregnated ultra-thin sections, many silver grains were deposited on the secretory granulesi of the SGC cells (Fig. 5) , being excluded from the Golgi area. Of particular importance may be the fact that synapticlike vesicles in the SGC cells were impregnated with ammoniacal silver. The cytoplasmic areas containing aggregates of synaptic-like vesicles were recognized as the argentaffin patches (Fig. 5) .
Accumulations of fine silver grains were also seen on the nucleoli and chromatin of the nucleus of all kinds of cells in the adrenal medulla.
Lysosomes were also silver-impregnated.
However, silver grains on the secretory granules of the NA and SGC cells and on the synaptic-like vesicles of the SGC cells were remarkably larger in size than those in the other cellular structures (Fig. 5, 6 ). The synaptic vesicles in the cholinergic terminal boutons on the chromaffin cells were non-argentaffin.
Chromaffin reaction of the SGC cells.
By electron microscopy of the glutaraldehyde/potassium dichromate-fixed adrenal medulla, it was found that the secretory granules of the SGC cells possessed highly electron-dense substances except for those in the Golgi area containing fine-granular material of a moderate electron opacity. When the semi-thin sections were examined in the light microscope, chromaffinity of the SGC cells was expressed in term of yellowish coloration of the cytoplasm. The cytoplasm positive to chromaffin reaction was restricted to the narrow peripheral area along the cell membrane (Fig. 4) .
Discussion
The SGC cells as the third type of chromaffin cells
As mentioned in the introduction of this paper, the SGC cells have hitherto been identified only by electron microscopy. However, the results of the present study showed that, in the Epon-embedded semithin sections, the SGC cells can be identified by light microscopy. The secretory granules of the SGC cells stained intensely with toluidine blue, were chromaffin, and gave a positive argentaffin reaction.
The SGC cells in the conventional paraffin-embedded sections were also examined by light microscopy; however, due to the thickness of the sections and to the poor preservation of the fine structure, the conclusive identification of the SGC cells et al.
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Japan. October 1978 was impossible. In this sense, the resinembedding in place of paraffin-embedding may be a necessary technique for the light microscopic demonstration of the SGC cells.
In their histochemical and electron microscopic study in the mouse adrenal medulla, Gorgas and Bock (1976) distinguished the four types of cells as the primary catecholamine-storing cells; i. e., NA1, NA2, NA3 and NA4. Among these, only the NA4 cells showed a high karyocytoplasmic ratio and contained small argentaffin granules (80 nm in diameter). These histochemical characteristics of the NA4 cells resemble those of the SGC cells identified by us; the inconsistency between the description of the NA4 cells and the SGC cells is the absence of the synaptic-like vesicles in NA4 cells.
However, we are now of the opinion that the NA4 cells of Gorgas and Bock (1976) are probably the same as our SGC cells.
Concerning the nature and function of the SGC cells, several possibilities have been suggested by Kobayashi (1977) as follows:
(1) They may be some developmental or functional stages of chromaffin cells. (2) They may be dopamine-secreting cells. (3) They may belong to the transitional forms between nerve cells and chromaffin cells.
The first possibility is suggested by the observation that the secretory granules of the fetal adrenal chromaffin cells are smaller in size and less numerous in number than those of the A and NA cells in the adult (Hervonen, 1971) . The chromaffin cells with less granulation associated with hyperplastic Golgi complex and abundant cisterns of granular endoplasmic reticulum appear in the hypophysectomized rats (Pohorecky and Rust, 1968) and in the reserpine-treated rats (Clementi and Zocche, 1963) . However, our previous observations (Kobayashi and Coupland, 1977) that the SGC cells occurred constantly in the intact mouse, that numerous nerves were synapsing with the SGC cells and that the SGC cells contained characteristic synaptic-like vesicles in addition to the small secretory granules, may imply that the SGC cells form an independent type of chromaffin cells ; in our opinion, they may be neither an immature chromaffin cell nor a degenerating, but have their own original function.
The idea that the SGC cells generally secrete dopamine is raised as a possibility by the fact that they have many cytological features coinsident with SIF (Small Intensely Fluorescent) cells in the autonomic ganglia (Bjorklund et al., 1970) and with the chief cells of the carotid body (Dearnaley et al., 1968) , because the both cells contain dopamine.
In our preliminary study, fluorescent amines in the adrenal SGC cells were histochemically demonstrated.
However, using either the Falck-Hillarp or glyoxylic acid method, the intensive fluorescence of the neighboring A and NA cells interfered with the exact identification of the specific fluorescence of the SGC cells themselves. Gorgas and Bock (1976) were successful in demonstrating a greenish freeze-dried mouse adrenal medulla, treated with formaldehyde gas, and embedded in Araldite.
It has been generally accepted that the A cells store only adrenaline, whereas the NA cells noradrenaline. Thus, the existence of dopamine-storing cells has long been suspected, since dopamine was discovered in the adrenal medulla (Goodall, 1951) . It seems quite reasonable to presume that the SGC cells, as the third type of chromaffin cells, could be the source of dopamine.
The idea that the SGC cell is an intermediate cell type between chromaffin cells and sympathetic ganglion cells seems the most likely answer. Many cytological features of the SGC cells including the synaptic-like vesicles favor this idea. Thus, a series of chromaffin cells and sympathetic neurons in the adrenal medulla can be put in sequence as: A cells NA cells SGC cells sympathetic ganglion cells, indicating the gradations from endocrine to neural cells. However, this line of adrenal medullary cells may not necessarily be a single clone of cells which can store adrenaline, noradrenaline, and dopamine or purely neuronic materials respectively. Interconvertibility of the chromaffin cells was discussed elsewhere (Kobayashi, 1977) .
Synaptic-like vesicles in the SGC cells.
Co-existence of the secretory granules and synaptic or synaptic-like vesicles has been reported in such neuro-endocrine relatives as pinealocytes, carotid body chief cells, SIF cells of the autonomic ganglia and gustatory cells of the taste bud (Kobayashi, 1977) . In all these cells the synaptic or synaptic-like vesicles are round in shape measuring 40-70 nm in diameter. These vesicles contain the fine dense particles after glutaraldehyde/osmium tetroxide In the chief cells of the carotid body, SIF cells of the autonomic ganglia and gustatory cells of the taste bud, the synaptic or synaptic-like vesicles are localized in a specific area of the cytoplasm adjacent to the synaptic junction with the nerve terminals, where impulses may be transmitted from the cell to the nerve terminal. However, in the SGC cells of the adrenal medulla, the synaptic-like vesicles do aggregate in the cytoplasmic area immediately beneath the cell membrane, instead they are scattered throughout the cytoplasm with occasional clusters. Therefore, it is impossible to assume that all the synaptic-like vesicles in the adrenal SGC cells play a direct role in transfering the impulses to the nerve terminals.
The argentaffinity of the synaptic-like vesicles of the SGC cells has been demonstrated in the present study. The argentaffin substance in the glutaraldehyde-fixed adrenal NA cells has been regarded as noradrenaline, because noradrenaline forms a poorly water-soluble compound with glutaraldehyde and this compound causes a positive argentaffin reaction (Tramezzani et al., 1964) . The argentaffin substance may also contain dopamine, since dopamine can be at least partly fixed with glutaraldehyde (Hopwood, 1971) . The simultaneous existence of the argentaffin substances in both secretory granules and synaptic-like vesicles could mean that the granules and vesicles are interconvertible, the latter could be the precursor of the former and vice versa.
Hewever, there is no evidence for the interconvertibility at the present time and it seems likely that they maintain a separate existence.
As to the nature and function of the synaptic-like vesicles in the SGC cells, another possibility should be given. They might be involved in the withdrawal of the limiting membrane of the secretory granules after the exocytotic release of the granules as suggested for the coated and non-coated vesicles of the neurosecretory terminals in the posterior pituitary gland and for the coated vesicles in the adrenal chromaffin cells (Nagasawa, 1977) . Anyway, further studies are needed to decide the functional significance of the synaptic-like vesicles in the SGC cells. 
